There is uncertainty over the population prevalence of people with Down's syndrome in England and Wales. This study aimed to estimate the population prevalence of Down's syndrome in England and Wales in 2011. A meta-analysis of published survival rates of people with Down's syndrome from 1938 to 2010 was conducted and the results were applied to the estimated numbers of babies born with Down's syndrome since 1938 in England and Wales. An estimated 37 090 people had Down's syndrome in England and Wales in 2011, a population prevalence of 0.66 per 1000 people; 650 under 1, 2673 aged 1-5, 7115 aged 5-18, 12 819 aged 19-40, 10 626 aged 41-55 and 3207 aged 56 and older. The average life expectancy for babies with Down's syndrome born in 2011 was 51 years and the median life expectancy was 58 years. This study provides clarity on the number of people with Down's syndrome in England and Wales. Owing to sudden increases in the survival of babies with Down's syndrome in the 1950s there are a large proportion of people with Down's syndrome who are in their 40s. These people have an increased risk of developing dementia in the future and services should be aware of their potential needs.
INTRODUCTION
There is uncertainty over the population prevalence of people with Down's syndrome in England and Wales. The live birth prevalence of Down's syndrome has only accurately been recorded since 1989. Over the last few decades there have been significant changes both in the live birth prevalence of Down's syndrome and also in the survival rates of people with Down's syndrome. Only 47% of live births with Down's syndrome survived to 1 year of age in the 1950s, with the survival increasing to over 90% since the 1980s. 1, 2 This paper aimed to estimate the population prevalence of Down's syndrome in England and Wales in 2011, by applying published survival rates to estimated numbers of babies born with Down's syndrome since 1938 in order to predict how many were still alive in 2011.
MATERIALS AND METHODS

Live birth prevalence of Down's syndrome
Our accompanying paper estimated the live birth prevalence of Down's syndrome in the absence of screening and subsequent terminations using birth data from 1938 onwards. 3 The estimated prevalence is likely to be accurate before screening for Down's syndrome in England and Wales started in the early 1970s. From 1970 to 1989, maternal age was the main factor used to identify pregnant women judged to be at a high risk of a Down's syndrome pregnancy. Women over 35 years of age were offered an amniocentesis or chorionic villus sampling to diagnose the pregnancy and women with affected pregnancies where then offered a termination. The proportion of women over 35 in England and Wales having prenatal diagnosis and deciding to have a termination was estimated using the observed proportions in one cytogenetic laboratory in England (the Wessex Regional Genetics Laboratory, Salisbury, UK) and the numbers of babies born with Down's syndrome to women aged 35 and over were reduced by the estimated proportion having a termination for that year (Supplementary Table 1) . A sensitivity analyses was performed to quantify the effect of the adjustment for terminations.
The number of babies born with Down's syndrome has been reported annually since the National Down Syndrome Cytogenetic Register (NDSCR) started to collect details of antenatal and postnatal diagnoses of Down's syndrome in England and Wales in 1989, [4] [5] [6] and such data were extracted from the NDSCR annual report. 5 These babies have not been followed up and so it is unknown how many are still alive. Figure 1 shows the estimated live birth prevalence of Down's syndrome since 1938.
Published data on survival rates in people with Down's syndrome Using OVID and Medline (searching on keywords: Down's syndrome, survival and mortality) 39 studies were identified that reported the survival rate of people with Down's syndrome since 1930 (Supplementary Table 2 ). For each study, the 1-year survival rate was assumed to occur at the midpoint of the whole study period. The 1-year survival rates according to year of birth were then fitted using nonlinear weighted logistic regression (the nonlinear least square function in R; the sample size in each study was used as the weight). The fitted 1-year survival rate is given by: survival rate ¼ 92.210/(1 þ exp ((1948. 988 Àyear)/6.041)).
Five-and 10-year survival rates were reported in 24 and 20 studies, respectively, (see Supplementary Table 2 ; all figures were directly extracted or calculated from the cited studies). For each study, the probability of survival at 5 years of age given that the baby survived to 1 year of age was calculated and assumed to occur at the midpoint of the whole study period. The probability of survival at 5 years of age according to year of birth was then fitted by using nonlinear weighted logistic regression across the whole of the study period with the sample size in each study being used as the weight. The fitted survival rate between age 1 and age 5 is given by: survival rate ¼ 98.698/(1 þ exp((1917.438 Àyear)/19.310)). The same procedure was used to estimate the survival at 10 years of age given that a child survived to age 5. The fitted survival rate between age 5 and age 10 is given by: survival rate ¼ 99.750/ (1 þ exp((1900.152 Àyear)/19.326)). The probability of survival at each year of age under 10 was then estimated using linear interpolation.
For survival rates above 10 years of age, data were extracted from six studies. [7] [8] [9] [10] [11] [12] At each age, the average survival from the six studies was used as the survival curve above 10 years of age. This was assumed to apply regardless of the year of birth. This method of estimating the survival rates at 1, 5 and 10 years was developed by de Graaf et al. 13 Population prevalence of Down's syndrome in 2011
For any given year, people with Down's syndrome who survived to 2011 were calculated by multiplying the live births born in that year and subsequent survival rates until 2011. The number of people with Down's syndrome in 2011 was the sum of people of all ages with Down's syndrome who were still alive.
Life expectancy
The average and the median life expectancy for a baby with Down's syndrome born in 2011 was estimated using the above estimated survival rates for people with Down's syndrome. Figure 2 shows the 1-year survival rate of newborns with Down's syndrome reported in 39 studies on cohorts born from1940 to 2010. Only one study with a small sample size was conducted before 1940 and this study was excluded from the analysis. 1 The survival rates between age 1 and 5 and age 5 and 10 are shown in Supplementary Figures 1 and 2 , respectively, with the circles being the reported rates and the bold line being the estimated rate. There was a continual increase in survival rates, although it was much smaller after age 5. Figure 3 shows the survival curves from age 10 onwards, which do not show a continual increase in survival over time. The summary survival estimate was the average of all the curves. Table 1 shows the life table for people with Down's syndrome born in 2011. For newborns with Down's syndrome, the average life expectancy was 50.8 years. The median life expectancy was about 58 years. Figure 4 shows the 5-year age distribution of people with Down's syndrome in 2011 (Supplementary Table 4 shows the number of people with Down's syndrome in each age band). There were a relatively small proportion of people aged over 50, partly due to the extremely low first year survival of newborns with Down's syndrome before 1952. 11 In total, there were estimated to be 37 
RESULTS
090 people with Down's syndrome in England and Wales in 2011, 650 babies with Down's syndrome aged 0-1; 2673 aged 1-4 (inclusive); 7115 aged 5-18; 12 819 aged 19-40; 10 626 aged 41-55 and 3207 aged over 55. The population prevalence was 0.66 per 1000 people. The total
Sensitivity analysis
A sensitivity analysis was performed assuming that no terminations for Down's syndrome occurred before 1989 (rather than assuming the levels were those observed by one regional genetics laboratory). This predicted that there were 38 455 people with Down's syndrome in England and Wales, a prevalence of 0.69 per 1000.
A second sensitivity analysis was performed assuming that the 1-year survival rates observed from 1938 onwards were equivalent to those observed in the 1980s (which is clearly over optimistic); this predicted that there were 40 284 people with Down's syndrome in England and Wales, a prevalence of 0.72 per 1000.
DISCUSSION
This paper combined all available resources on live births and the survival rate of people with Down's syndrome to estimate the prevalence of Down's syndrome in England and Wales in 2011. The estimated number was about 37 090 with a total prevalence of around 0.66 per 1000. The number of people with Down's syndrome was uniformly distributed under age 40 (about 5800 in 10-year age band), however, the number of people with Down's syndrome in their 40s was significantly greater at around 8000.
De Graaf et al 13 have estimated the population prevalence of people with Down's syndrome as 0.61 per 1000 persons, with an estimated total of 34 160 persons with Down's syndrome in England and Wales. The difference in prevalence can mainly be explained by different estimates of survival rate. De Graaf et al included in his meta-analysis survival rates estimated in studies comparing the prevalence in one age group with the prevalence in a second age group and assuming the differences were a measure of the survival rate between the two age groups. We excluded these studies in our meta-analysis -only including studies that followed a defined cohort of people with Down's syndrome over time. Our study also included an additional 15 published studies and fitted the regression curves weighted by the number of people involved in the studies.
The estimated life expectancy for people with Down's syndrome born in 2011 was greater than that estimated by other studies; 11,13,14 a median life expectancy of 58 years compared with 57 years in Baird and Sadnovnick 11 and 50 years in De Graaf et al. 13 The improvement of median life expectancy is mainly due to the improved infant survival after birth.
One of the weakness of this study is that before 1989 the number of babies are born with Down's syndrome is unknown. Data on the numbers of babies born with Down's syndrome were collected by the National Congenital Anomaly Service (NCAS), and published annually by the Office for National Statistics from 1971 to 2008 (Supplementary Table 3 ). 15 However, both the NDSCR and other regional congenital anomaly registers demonstrated that the NCAS system had a significantly lower ascertainment rate 16, 17 (Supplementary Table 3 ). Therefore, the data from NCAS for 1971 to 1989 were not used; instead the risk of a Down's syndrome pregnancy according to maternal age was used. This has been shown to be accurate in estimating the numbers of babies born with Down's syndrome when applied to single years of maternal age. 18 The data on population births were only available in 5-year age bands, which will produce a small amount of inaccuracy. The live birth records were available only after 1938. This excludes people with Down's syndrome born before 1938 although the number of such people who were alive in 2011 would be very small (o200). We had to estimate the proportion of foetuses terminated before 1989. As Supplementary Table 1 shows an estimated 2000 such terminations occurred before 1989 (the difference between columns 4 and 5 in Supplementary  Table 1 ) based on data from Wessex Regional Genetics Centre. It may not be appropriate to apply this regional estimate nationally, but it is unlikely to be too inaccurate.
Karyotypic confirmation of Down's syndrome was not available until the 1960s, thus in the earlier studies Down's syndrome was ascertained by clinical features. It is possible that 'healthier' babies with less phenotypic features of Down's syndrome may not have been diagnosed, which will result in the estimated survival for the earlier studies being too low. However, our sensitivity analysis indicated that even assuming the survival from 1938 onwards to be that observed in the 1980s (which is clearly over optimistic); the prevalence was 0.72 per 1000. Therefore, this potential underestimation of survival is unlikely to materially affect the overall population estimates.
The majority of Down's syndrome cases were ascertained in the first few days after birth, although not all studies mentioned the Figure 4 Age distribution of people in 2011 with Down's syndrome in England and Wales.
The population prevalence of Down's syndrome J Wu and JK Morris ascertainment time. It may be that some babies who were not diagnosed until several weeks later have been excluded from some of the studies. This may result in the estimated survival being too low. However, the majority of babies with Down syndrome are diagnosed within the first few weeks of life and therefore this bias is unlikely to materially affect the estimates.
In conclusion, this paper provides clarity on the number of people with Down's syndrome in England and Wales. Owing to the sudden increase in survival of babies with Down's syndrome from the 1950s onwards, there were a large proportion of people with Down's syndrome who were in their 40s in 2011. A study in 2007 reported that complications such as hypothyroidism, coeliac disease and obesity occur more frequently in adults with Down's syndrome than previous paediatric prevalence studies suggest 19 and the authors recommended that an evidence-based guideline detailing structured health checks for adults with Down's syndrome should be developed. The increased survival of older people with Down's syndrome highlights the need for the development of such guidelines and the appropriate resource allocation to deliver the care these people will require, particularly given their increased risk of developing dementia. 20, 21 
